We use Health and Retirement Study data linked to the Department of Labor's O*Net classification system to examine the relationship between lifetime exposure to occupational demands and retirement behavior. We consistently found that both non-routine cognitive analytic and non-routine physical demands were associated with worse health, earlier labor force exit, and increased use of Social Security Disability Insurance. The growing share of workers in jobs with high levels of cognitive demand may contribute to growth in DI use.
Work accounts for a significant portion of Americans' daily lives and is increasingly recognized as a determinant of health status. Research dating to the Whitehall study results of the 1970s has shown a relationship between occupation and long-term health outcomes including mortality, diabetes and cardiovascular disease that cannot be explained by differences in income, education, health behaviors or access to health insurance (Marmot et al., 1978) . Several studies have found that older workers retire from physically demanding jobs more rapidly than from other types of jobs (i.e. Filer and Petri, 1988; Mitchell et al., 1988; Hayward et al., 1989; Case and Deaton, 2005) , but have focused on characteristics of current jobs, which are likely jointly determined with health and labor force status. A growing literature in economics and medicine finds lasting health effects of adverse early life health exposures, including the earliest events experienced in utero (Almond, 2006; Smith, 2009; Almond and Currie, 2011) , suggesting that exposure to job demands throughout the lifecourse may influence work capacity and retirement decisions later in life.
In this paper, we examine the relationship between occupational exposures which may harm or hurt health including physical and cognitive job demands on subjective and objective measures of whether health limits an individual's ability to work at various ages, application for and receipt of Disability Insurance (DI) benefits, and age at initial Social Security benefit claiming using lifetime jobs reported by older adult respondents in the Health and Retirement Study. This enables us to assess intensity of exposure that account for the nature of occupational demands and the duration of a worker's exposure to a given characteristic. Our study extends prior research by using a more comprehensive and accurate classification system for job characteristics, accounting for exposure to job characteristics prior to age 50, when most studies of job characteristics and retirement start, and including women, who have traditionally been excluded from many studies in this literature.
Background
Motivation for this paper comes from two primary literatures; work in economics demonstrating the relationships between health status and work place exits due to disability or early retirement, and an extensive epidemiological and occupational health literature finding relationships between various job characteristics and worker health outcomes.
1
Physically demanding jobs can help health through on-the-job exercise, or harm health through stressors such as repetitive motion, lifting or pushing heavy objects, and accidents. Workers in low-skill occupations requiring manual labor report worse self-rated health and higher disease burden than other workers in cross-sectional data (Case and Deaton, 2005) . The consequences of occupation for later-life health are potentially large; Costa (2005) estimates that 29% of the decline in chronic illness among older men from 1900 1980 was driven by shifts to less physically demanding occupations. The absence of physical activity at work can also harm health; extended sitting and computer use have been linked to back pain, obesity, and elevated cholesterol (Owen et al., 2010) .
Recent papers linking job demand data to national surveys including the National Health Interview Study and the National Health and Nutrition Examination Survey find mixed evidence of a contemporaneous association between physically demanding work, hazardous work exposures, and several measures of health and disease. However, these results are likely biased by less healthy workers selecting out of demanding jobs as their health declines, a group of particular interest for Social Security benefit claiming research. The few papers that estimate causal effects of physically demanding occupations focus on a limited number of health outcomes among workers who are largely still employed (Fletcher et al., 2011; Lakdawalla and Philipson, 2007) .
Several economics papers have found that older male workers in physically demanding jobs retire earlier than those in non-demanding jobs. Results are consistent across the National Longitudinal Study of Older Men (Hayward et al., 1989) ; aggregate Census data (Filer and Petri, 1988) , and administrative data from a Alcoa, a single large employer (Modrek and Cullen, 2012 ). In contrast, Hurd and McGarry (1993) found little effect of physically demanding job characteristics on the self-reported probability of working past age 62 or 65 among older workers interviewed in the first wave of the Health and Retirement Study. Fletcher et al. (2011) use data from the Panel Study of Income Dynamics to study the longerterm effect of job characteristics on health. Their design and findings are particularly relevant to our study. While the papers discussed previously rely on the demands of jobs that workers still hold at ages 50 and above, Fletcher and colleagues assess the cumulative effect of jobs held over the past 5 years in a sample of working-aged adults with a mean age of 42. They find that cumulative exposure to physical demands is associated with non-trivial declines in self-rated health for older (but not younger) men as well as older and younger women. Their results indicate that a 1 standard deviation increase in job physical demands deteriorates health at a magnitude comparable to a 1 to 2 year decrease in years of education. Fletcher et al. do not examine the effects of cognitive demands, nor do they consider the effect of job characteristics on retirement and disability.
Data and Methods

Health and Retirement Study
We use survey data from the Health and Retirement Study (HRS), a nationally representative, longitudinal study of more than 30,000 older Americans age 51 and above and their spouses (Juster and Suzman, 1995; Sonnega et al., 2014) . HRS respondents provide detailed information about current and previous occupations, health, and socioeconomic status, as well as reports from their childhood, demographic and family characteristics. The first cohort of HRS respondents were between the ages of 51-61 in the first baseline year of the study in 1992, an older cohort aged 70 and above entered in 1993. Additional cohorts aged 51 61 and 68 74 entered in 1998. Since then, younger cohorts enter at age 51 56. Spouses of sample members can enter at any age. Some HRS respondents are observed during their working years and others enter after retirement. The HRS asks comprehensive questions about the respondents current or most recent job, and up to 3 previous positions held for five years or more at the first interview; those who are working in subsequent interviews are asked about current jobs and any held since the previous interview. 1 We use these reports to compile job histories including 3-digit occupation codes and for the 91% of respondents who report at least one job during an HRS interview.
In addition to movement in and out of jobs and the labor force, respondents also provide comprehensive information about application for and receipt of DI benefits, Social Security benefit claiming, and retirement. Many HRS respondents also answer questions about childhood health, which allow us to control for health conditions that may have influenced initial selection into occupation and continue to affect health and disability over the lifecourse.
Occupational Information Network (O*Net)
Although HRS respondents provide some information about the physical and cognitive demands of current jobs held during the survey, no information is collected about the demands in earlier jobs. By the time workers are age-eligible for the HRS, considerable selection out of healthinfluencing jobs may have already occurred. If workers move into jobs that have different demands later in life, studies using current job characteristics may attribute the benefits or harms of a previous job to the current position. We recover characteristics from previous jobs and standardize our reporting of current job demands using O*Net. Generally, a higher, positive score indicates a higher level of the characteristic in an occupation, while negative scores indicate low levels.
We are able to match at least one job to its O*Net characteristics for 26,048 respondents representing a total of 55,456 jobs. We exclude 2,953 respondents who report job tenures for exceeding the oldest age that they are observed in the HRS minus six years plus years of education reported, and 87 respondents reporting jobs with negative tenure, resulting in a sample of 23,008 respondents with plausible occupational tenure. Although HRS does not collect detailed information about all jobs worked by respondents (for example jobs worked prior to the first interview in addition to the up to three five or more years jobs collected at the baseline interview), total years worked and total number of jobs are available. On average, HRS respondents report 2.3 jobs during their lifetime. We have occupational codes for 1.80 of these. Total tenure averages 32.7 years in the main sample, on average we observe job characteristics for jobs worked in 21.5 of these years.
We conduct a number of analyses in the 11,260 respondents who have linked data for at least 75% of their total years worked. 2 We first describe the correlation in job demands across jobs in the subset of respondents reporting three or more jobs. If workers tend to specialize in a type of job characterized by constant characteristics over the lifecourse, knowing characteristics of a job held later in life may be sufficient to describe lifetime exposure. As Table 1 shows, characteristic intensity across lifetime jobs are typically correlated, but not perfectly correlated. For example, the correlation between level of non-routine cognitive analytical demands is 0.55 between the first and second jobs and 0.47 between first and third, for routine manual demands ρ 1,2 = 0.58 and ρ 1,2 = 0.50. We obtained similar results for ρ 1,2 in the sample that only has two lifetime jobs and similar results for the other job characteristics that are not reported.
Tables 2 and 3 describe characteristics of the HRS job history sample. Table 2 stratifies by HRS entry cohort and shows that cumulative exposure to routine and non-routine physical demands has been decreasing over time, while exposure to routine and non-routine cognitive demands are increasing. Table 3 stratifies by gender and includes the subset of respondents who have occupational codes for at least 75% of their total years worked-in this subsample we observe 95% of lifetime employment. Men have greater exposure to physically demanding jobs in terms of the average and cumulative intensity of characteristics over all jobs reported. 14% of the sample applies for DI at some point and 10% receives DI benefits, with slightly higher application and receipt rates among men. Younger cohorts report higher rates of DI application, younger age at first Social Security benefit receipt (including DI benefits), and younger retirement age. This reflects both population-level trends and sample composition-the youngest members of the midBaby Boomers cohort were only 51 at their first interview in 2010. Since reporting retirement age is conditional on retirement, we only see values for those who retire at relatively young ages in the youngest cohorts.
Estimation Strategy
Our empirical approach is similar to Filer and Petri (1988) Fletcher et al. (2011) . We first consider the relationship between cumulative exposure to job characteristics and Social Security claiming decisions including whether a respondent ever applies for or receives DI, age benefits are first claimed, and age at retirement by estimating ordinary least squares regressions:
where J i is a vector of job characteristics, T is a respondent's tenure at each reported job, X i is a vector of respondent characteristics including sex, race, birth cohort, educational attainment, and self-reported health as a child, 3 and YOB is a vector of year of birth dummy variables. We estimate Equation 1 for the full sample and separately by gender, since both occupation choices and work decisions differ for men and women as Table 3 shows.
In addition to studying respondents' actual decisions around DI and old-age benefits, we consider their physical capacity for work at various ages. We assess this using respondent's self reports at 4 different ages (62, 65, 70, and 75) of whether they have a health condition that limits their ability to work. However, response to this subjective question may be biased by a respondent's current employment situation. Thus, we follow Bound (1991) and also construct an objective measure of health limitations, a summary health measure based on the respondent's actual health conditions. This is a continuous variable based on the predictions from a probit regression of whether health limits work on categories of self-rated health, indicators of whether a respondent has ever been diagnosed with arthritis, cancer, diabetes, heart disease, lung disease, or stroke, and a count of fine motor limitations (difficulties picking up a dime, dressing, or eating). The predicted measure is correlated with self-reports of work limitation (ρ = 0.60 across all 4 age-specific samples).
We reestimate Equation 1 replacing the Social Security outcomes Y i with a series of variables H it capturing self-reported and objective work-limiting health conditions at the four ages previ-ously described.
Results
We first consider the cumulative effect of exposure to physical and cognitive job demands. In these specifications, the J i * T can be large because of a high level of job demand over a relatively short time or sustained exposure to a moderate demand. In these specifications, we find that both non-routine cognitive demands and non-routine manual-physical demands are associated with increased DI application and receipt and earlier retirement and SS claiming (Table 4) .
In regressions that instead use the average exposure characteristics in year worked, non-routine cognitive demands switch signs now indicate later retirement and lower probability of DI application or receipt. Non-routine cognitive interpersonal demands and both routine and non-routine demands are associated with increases in DI application and receipt and earlier work force exit, consistent with other studies. Similar to Flethcer et al., we find non-trivial effects of physically demanding work-a one standard deviation increase in routine physical demands increases the probability of DI application by 2.8 percentage points and receipt by 1.7 pp (increases of 19 and 17% of respective means). A one standard deviation increase in non-routine cognitive analytic demands increases age Social Security benefits are first claimed by 0.5 years and routine cognitive demands by 0.29. In contrast, graduating high school (compared with less than high school) delays claiming by 0.08 years and college by 0.56 years. Tables 5 and 6 estimate Equation 1 separately by gender. For men, cumulative exposure to both non-routine cognitive analytical demands and non-routine physical demands are associated with increased DI application and receipt as well as earlier retirement and SS benefit claiming.
Other job demands do not appear to be significant determinants of men's DI or retirement decisions. However, the average exposure regressions find no effects of any of the cognitive demands, though routine physical demands continue to predict DI application and receipt and non-routine physical demands are associated with earlier Social Security benefit claiming.
There is little consistent evidence that job demands influence DI and benefit claiming for women. Only non-routine physical job demands are consistently related to DI receipt when we 8 consider both cumulative and average exposures. Average exposure to non-routine cognitive demands has a large (3.5 percentage point), negative effect on DI application and receipt, but there is no effect of cumulative exposure.
These analyses include the implicit assumption that that physical and cognitive occupational stressors degrade workers' health, leading to earlier workforce exit. To test this model, we also examine physical capacity for work at older ages by looking at whether respondents self-report that their health limits work. The effects of cumulative and mean exposure are reported in Tables 7 and 8. Across all ages considered, whether we use self-reported or the more objective predicted measure of health conditions that limit work capacity, we find that greater exposure to both non-routine cognitive analytical and non-routine physical job demands are associated with higher rates of health health limitations. Only average exposure to non-routine physical demands are consistently and significantly associated with health limitations in later life.
Robustness
We examined the sensitivity of our findings to a variety of sample compositions and to alternative measures of job demands previously used in the occupational health literature (i.e Bell et al., 2008; Pransky et al., 2005a, b; Verma et al., 2008) . We found very similar results when we used a number of other definitions of physical job demands and cognitive stressors. Our results were also robust across numerous sample specifications. Our preferred specifications include the sample on whom we have the most comprehensive information. However, we obtain similar results when we include respondents whose jobs are missing O*Net data and cannot be classified, and when we include respondents who have job characteristics for less than 75% of their total tenure. Tables A1   and A2 include progressively more observations with missing information about job characteristics. Coefficients are slightly smaller in magnitude compared to our comprehensive information specification in Table 4 but tell a similar story.
An alternative set of job characteristic demands continues to reveal a positive relationship between both cumulative and average physical demands and DI application and receipt (Table   A3 ). Exposure to hazardous conditions also increases SSDI application/recepit and lowers retire-ment and benefit claiming ages on average, while greater status recognition moves in the opposite direction. We obtain similar results for work-limiting health conditions in models that include respondents with missing O*Net characteristics (Table A4) .
Conclusions
We assessed the cumulative effect of job demands on health and retirement outcomes later in life.
Using comprehensive data form the Health and Retirement Study and O*Net, we consistently found that both non-routine cognitive analytic and non-routine physical demands were associated with worse health, earlier labor force exit, and increased use of Disability Insurance. Findings support growing concern that both physical and cognitive stressors in the work place can adversely impact employee health. Since workers are increasingly concentrating in jobs with higher levels of cognitive demands, this may be a promising area for job resign or other interventions to reduce this health impact.
Methodologically, this paper highlights the importance of having numerous ways of measuring occupational exposure-in some cases our results change sign when we move from average to cumulative exposure to a given job characteristic. This may reflect the increasing level of selection into job characteristics over time-those are who are still working in physically demanding jobs after multiple years of of exposure are likely healthiest, and able to retire at later ages, which those who are quickly harmed by physical or cognitive demands early on leave the work force after high average exposure to a given characteristic. 2,376 Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. HRS respondents with 75+% of job tenure linked to O*Net job characteristics. Regressions also control for HRS birth cohort, year of birth indicators, child health, and missing race/ethnicity. 1,985 Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. HRS respondents with 75+% of job tenure linked to O*Net job characteristics. Regressions also control for HRS birth cohort, year of birth indicators, child health, and missing race/ethnicity. 220 3,555 7,153 3,546 7,069 3,562 7,153 3,546 Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. HRS respondents with 75+% of job tenure linked to O*Net job characteristics. Regressions also control for HRS birth cohort, year of birth indicators, and missing race/ethnicity. Predicted health limits work measure is prediction from a probit regression using self-reported history of chronic conditions and activities of daily living limitations based on Bound (1991). 3,546 Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. HRS respondents with 75+% of job tenure linked to O*Net job characteristics. Regressions also control for HRS birth cohort, year of birth indicators, and missing race/ethnicity. Predicted health limits work measure is prediction from a probit regression using self-reported history of chronic conditions and activities of daily living limitations based on Bound (1991). 10,002 Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. HRS respondents with 75+% of job tenure linked to O*Net job characteristics. Regressions also control for HRS birth cohort, year of birth indicators, Table 7 demographics, indicators for missing race/ethnicity and O*Net data. Predicted health limits work measure is prediction from a probit regression using self-reported history of chronic conditions and activities of daily living limitations based on Bound (1991) .
